The current review is guided by the theoretical perspective that emphasizes the regulating role of executive functioning (Carver et al., 2009) and presents studies that elucidate the ways that executive functioning (inhibition and working memory) explain individual differences in adolescent substance use independently or by regulating the reactive system (reward and punishment sensitivity). Behavioral studies indicate that main effects of executive functioning on adolescent substance use are often nonsignificant or weak in effect sizes. In contrast, emerging evidence suggests consistent and stronger regulating effects of executive functioning over reward and punishment sensitivity. Functional neuroimaging studies reveal significant associations between executive functioning task-related hemodynamic responses and substance use with strong effect sizes. There is also direct evidence from studies testing statistical interactions of the regulating effects of EF-related brain activation, and indirect evidence in studies examining functional connectivity, temporal discounting, and reinforced control. We note key future directions and ways to address limitations in existing work.
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Introduction
Recent research efforts have acknowledged the need for a specific focus on health risk behaviors as they apply to developmental trajectories of risky decision making in adolescence. Identifying factors contributing to the propensity to use substances (tobacco, alcohol, and other drug use) during adolescence is especially important because experimentation and the process of addiction most often starts in adolescence during which the brain undergoes dramatic developmental changes (Chambers et al., 2003; Koob and Volkow, 2016) . Early onset of substance use (i.e., 14 years or younger) is also associated with increased risk for lifetime substance use disorders and addiction (Grant and Dawson, 1998) . Substance use behaviors not only place adolescents at increased risk for negative outcomes such as injury, drug addiction, and sexually transmitted diseases including human immunodeficiency virus infection, but also serve as the leading cause of mortality and morbidity among adolescents (CDC, 2012) .
Within research on substance use, it has been theorized that deficits in executive functioning (EF) contribute to substance use problems as a result of poor cognitive regulation of behavior (Giancola and Mezzich, 2003) . In the neuroscience literature, adolescent risk taking such as substance use has been explained by imbalances in neural development, including rapid development of subcortical functioning in conjunction with slow development of prefrontal functioning (Casey et al., 2008; Ernst et al., 2006; Steinberg, 2008) . Although considerable conceptual work in the neuroscience of adolescent risk taking and empirical work on EF impairment among substance abusers has been published, we do not have a clear answer to the following foundational questions: Can deficits in EF be regarded as risk factors for adolescent substance use? If so, how? Therefore, our primary goal is to provide a comprehensive integration of established and emerging evidence from both behavioral and human neuroscience literature regarding the role of EF in the development of substance use throughout adolescence. We propose a conceptual model that highlights the regulating role of EF and examine how individual differences in EF contribute to adolescent substance use, independently or by interacting with the motivational reactivity (represented by reward and punishment sensitivity). In doing so, we first review key behavioral studies that examined the main effects of
